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Description 

FIBER PREFORMING PROCESS AND 
COATING FOR SCREEN TOOLING 

THEREFOR 

Cross Reference to Related Applications 

[0001] This is a division patent of co-pending United States 

patent application Serial No. 09/638,010, filed August 14, 
2000. 

Background of Invention 

[0002] The present invention generally relates to fiber preform- 
ing methods and tooling used to form fiber preforms. 
More particularly, this invention relates to screen tooling 
for a fiber preforming process and a coating system 
therefor, in which the coating system inhibits sticking of 
fiber preforms to the tooling and promotes the tooling life 
of the screen tooling. 

[0003] Various methods are known for forming fiber preforms 
that are suitable for producing fiber-reinforced articles, 



such as glass-reinforced polymer composite beds for 
pickup trucks. One such method is referred to as directed 
fiber preforming, which makes use of a perforated screen 
tooling having a surface whose shape corresponds to that 
of the desired fiber- reinforced article. In this process, re- 
inforcement fibers (typical glass fibers) are sprayed onto 
the surface of the screen tooling and held on the tooling 
surface by a vacuum drawn through the tooling. The 
fibers are then bonded together with a binder to yield a 
porous fiber preform having a fixed shape corresponding 
to that of the tooling surface. The binder may be pre- 
coated on the fibers, simultaneously sprayed with the 
fibers onto the tooling, or sprayed on the fibers while the 
fibers are held on the tooling under vacuum. After curing, 
the fiber preform is removed from the screen tooling and 
placed in a suitable mold into which a resin is injected to 
infiltrate the preform. The resin is then cured to yield the 
fiber-reinforced article. 
[0004] The release of the preform from the screen tooling is a 
processing issue for directed fiber preforming processes. 
For the preform to maintain its integrity, it must release 
cleanly from the tooling after the binder has been cured. 
However, in the process of bonding the fibers together, 



the binder also tends to adhere the preform to the tool- 
ing. In the past, screen tooling has been coated with a re- 
lease agent or a semi-permanent coating such as polyte- 
trafluoroethylene (PTFE, or TEFLON®) to inhibit the pre- 
form from adhering to the tooling. While suitable for many 
applications, release agents must typically be reapplied 
after each preform operation, and may adversely effect 
the properties of the preform. TEFLON® coatings are not 
sufficiently durable to survive numerous molding opera- 
tions, and therefore require significant production down- 
time to repair the coating or completely recoat the screen 
tooling. 

[0005] | n v j ew 0 f the above, it would be desirable if an improved 
screen tooling and coating system were available that was 
more durable, reduced or eliminated the requirement for 
release agents, and extended the service life of the tool- 
ing. 

Summary of Invention 

[0006] The present invention is directed to an improved screen 
tooling for a fiber preforming process, and more particu- 
larly to a durable coating system for such tooling. The 
coating system of this invention comprises a surface layer 
of a porcelain enamel composition that is generally a 



borosilicate glass, and preferable contains quartz (Si0 2 ), 
dehydrated borax (Na B O ), boric acid (H BO ), potas- 
sium nitrate (KNO ), sodium silicofluoride (Na SiF ), and 
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manganese dioxide (Mn0 2 ), and optionally contains tita- 
nium dioxide (TiO^, antimony oxide (Sb^), cobalt oxide 
(cobaltous oxide (CoO), cobalto-cobaltic oxide (Co O ) 
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and/or cobaltic oxide (Co^)) and/or barium oxide (BaO). 
Preferred compositions are dependent in part on the 
screen tooling material. The invention also encompasses a 
fiber preforming process that utili zes screen tooling with 
the coating system. 
[0007] According to the present invention, continuous coatings 
formed of porcelain enamel compositions have been 
shown to be more durable than semi-permanent coatings 
currently in use, and therefore require less maintenance 
such that production cost and downtime are reduced. In 
addition, it has been determined that preforms release 
more readily and cleanly from screening tooling protected 
by the coating system of this invention, such that the 
quality of the fiber preform and therefore the final fiber- 
reinforced article is promoted. The use of release agents 
can be reduced or eliminated with the coating system, 
thereby decreasing the preform process cycle time and 



reducing the likelihood that the release agent will degrade 

the preform properties. 

[0008] other objects and advantages of this invention will be 

better appreciated from the following detailed description. 
Brief Description of Drawings 

[0009] Figure 1 schematically represents a perforated screen 

tooling with a continuous outer porcelain enamel coating 
in accordance with the present invention, on which a fiber 
preform is formed by a directed fiber preforming pro- 
cesses. 

[0010] Figure 2 schematically represents an apparatus for mold- 
ing an article reinforced with the directed fiber preform 

produced with the perforated screen tooling of Figure 1. 
Detailed Description 

[0011] Tooling 10 for a fiber preforming process is represented 
in Figure 1, along with a fiber preform 12 produced with 
the tooling 10. The tooling 10 is represented as a perfo- 
rated screen of the type used in directed fiber preforming 
processes, in which reinforcement fibers, e.g., glass 
fibers, are sprayed or otherwise deposited on the convex 
tooling surface 14 of the screen tooling 10, and thereafter 
held on the tooling surface 14 by a vacuum drawn 



through the tooling 10 from the opposite concave side 16 
of the tooling 10. The thickness and uniformity of the 
layer of fibers on the tooling 10 will depend in part on the 
shape of the tooling surface 14, the vacuum, and the 
physical properties of the fibers. A binder is coated on the 
fibers prior to deposition, or simultaneously sprayed with 
the fibers onto the tooling surface 14, or sprayed on the 
fibers while the fibers are held on the tooling 10 under 
vacuum. According to one known technique, the screen 
tooling 10 with the mass of fibers held at its surface 14 is 
then rotated into an oven where the binder is cured, yield- 
ing the porous fiber preform 12 whose shape corresponds 
to the surface 14 of the tooling 10. Thereafter, the fiber 
preform 12 is removed from the screen tooling 10 and 
placed in a suitable mold 18, which is represented in Fig- 
ure 2. A resin is injected into the mold 18 to infiltrate the 
preform 12. The resin-impregnated fiber preform 12 is 
then heated to cure the resin and thereby yield the de- 
sired fiber-reinforced article. Those skilled in the art will 
appreciate that Figures 1 and 2 are merely for illustrative 
purposes, in that the shape of the tooling 10, and there- 
fore the shape of the preform 12, can differ significantly 
from that shown. 



[0012] According to the present invention, the screen tooling 10 
is provided with a coating system on at least its outer sur- 
face to prevent or at least inhibit the fibers and binder 
from adhering to the tooling 10 after the curing process. 
The coating system of this invention includes a porcelain 
(vitreous) enamel coating that is preferably continuous on 
the surface 14 of the tooling 10. One or more intermedi- 
ate layers could be used to promote the adhesion between 
the enamel coating and the surface of the tooling 10. The 
composition of the coating is formulated to be abrasion, 
heat and corrosion-resistant and inhibit the preform 12 
from adhering to the tooling 10. The material of the tool- 
ing 10 preferably has a low free carbon content in order to 
reduce the likelihood of blistering and poor adhesion of 
the coating to the tooling. For this purpose, low carbon 
steels are suitable for the tooling 10, though other mate- 
rials having a low free carbon content could be used, such 
as steels with about 0.3 wt.% titanium and about 0.15 
wt.% silicon to maintain free carbon at very low levels. 

[0013] According to the present invention, the porcelain enamel 
coating is generally a borosilicate glass composition that 
has been fused to the surface of the screen tooling 10 by 
depositing a slip having an appropriate composition on 



the tooling 10, and then firing at an elevated temperature. 
Borosilicate coatings of the type required by this invention 
are always highly complex in their formulation, with phys- 
ical and mechanical properties that are determined princi- 
pally by their composition. In turn, the coating composi- 
tion must be carefully selected and evaluated to ensure 
compatibility with the composition of the substrate, the 
manner in which the coating is deposited, the desired 
function of the coating, and the service conditions that 
the coating must withstand. 
[0014] The porcelain composition employed by the present in- 
vention is formed by firing a slip composition containing 
quartz (SiO ), dehydrated borax (Na BO), boric acid (H 
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3 B0 3 ), potassium nitrate (KNC> 3 ), sodium silicofluoride (Na 
SiF ), and manganese dioxide (MnO ), and optionally 
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contains titanium dioxide (TiC> 2 ), antimony oxide (Sb^), 
cobalt oxide (cobaltous oxide (CoO), cobalto-cobaltic ox- 
ide (Co O ) and/or cobaltic oxide (Co O )) and/or barium 
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oxide (BaO). Suitable ranges for the prefired constituents 
of the coating composition are, in weight percent, about 
39 to 52 quartz, about 15 to 24 dehydrated borax, about 
6 to 12 boric acid, about 5 to 8 potassium nitrate, about 3 
to 6 sodium silicofluoride, about 3 to 12 manganese 



dioxide, up to 15 titanium dioxide, up to 3 antimony ox- 
ide, up to 1 cobalt oxide, and up to 1 barium oxide. The 
dry constituents are mixed with water to form an aqueous 
dispersion of the dry constituents as a slip, in accordance 
with known practices. The slip can then be deposited by 
air or electrostatic liquid spray on iron and steel sub- 
strates, and fired at about 750°C to 900°C to yield a coat- 
ing whose thickness is about 75 to 150 micrometers. The 
final composition of the coating will depend in part on the 
firing conditions, but will include the above-noted dry 
constituents of the slip with the exception of boric oxide 
(B 2 0 3 ) derived from the boric acid component of the slip. 
Suitable constituent ranges for the final coating are, in 
weight percent, about 39 to 52 quartz, about 15 to 24 
borax, about 7 to 12 boric oxide, about 5 to 12 potassium 
nitrate, about 3 to 8 sodium silicofluoride, about 3 to 12 
manganese dioxide, up to 12 titanium dioxide, up to 8 
antimony oxide, up to 1 cobalt oxide, and up to 1 barium 
oxide. 

[0015] An investigation was undertaken directed to evaluating 
the release capability and the durability of coatings on 
steel screens. The screens were perforated 2x4 ft. (about 
0.6x1.2 m) P20 steel with about 40% open area. A first 



group of screens was coated with a slip whose dry con- 
stituents consisted of, in weight percent, about 46.5 
quartz, about 21 dehydrated borax, about 7.5 boric acid, 
about 6 potassium nitrate, about 5 sodium silicofluoride, 
about 11.5 manganese dioxide, and about 2.5 antimony 
oxide. The screens were fired at a temperature of about 
880°C to yield a continuous porcelain enamel coating hav- 
ing a thickness of about 150 micrometers. Other screens 
of identical construction and composition were not 
coated, or were painted with a layer of PTFE, or were 
plated with a layer of a nickel-phosphorous-PTFE alloy 
having a thickness of about 50 micrometers. The screens 
coated only with PTFE served as baselines for the investi- 
gation. A few of each type of specimen were evaluated 
with a release agent: an organic metal working fluid avail- 
able from Quaker Chemicals under the name DRAW 58, a 
wax compound available from ChemTrend under the 
name CT2044, or a PTFE emulsion available from 
ChemTrend under the name CT88WA. The release agents 
were chosen based on their effectiveness to release a pre- 
form from an uncoated screen without causing molding 
problems or degrading the bulk mechanical properties of 
the preform. 



[0016] The preforms were formed of a chopped glass fiber mate- 
rial that was coated with a polyester emulsion available 
from Codo Corporation and Polymers under the name 
44-7013. While the binder was cured at about 204°C with 
a peroxide curing agent, the fiber material was held to the 
surfaces of the screens under a vacuum of about 102 
mbar. Following cure, the preforms were removed from 
the screens, and the screens were prepared as necessary 
for reuse by cleaning with a commercially-available chem- 
ical stripping agent to remove any residual binder and 
reapplying the release agent (if used). The production of 
at least 150 preforms per screen was targeted for the in- 
vestigation. 

[0017] -rh e following observations were made during this investi- 
gation. The baseline uncoated screens did not show signs 
of wear, but required frequent application of a mold re- 
lease and frequent cleaning. The screens provided with 
only a PTFE coated performed well in terms of ease of re- 
moving the preforms, but the coatings showed signs of 
wear after only fifteen screens. Even with gentle cleaning, 
the PTFE coatings had to be removed and replaced twice 
during the first fifty molding operations. As a result, the 
evaluation of the PTFE-coated screens was terminated be- 



fore completing 150 preforms. Those screens coated with 
the nickel-phosphorous-PTFE alloy also performed better 
than the baseline screens, but showed signs of wear and 
required frequent application of the mold release agent to 
extract the preforms. Finally, from the standpoint of the 
ability to easily remove preforms without damaging the 
preforms and without repairing the coating, the screens 
provided with the porcelain enamel coating of this inven- 
tion performed better than any of the others tested, re- 
gardless of whether the screens were coated with a re- 
lease agent. From this investigation, it was concluded that 
the porcelain enamel coating combined the robustness of 
the uncoated screens with the release capability of the 
PTFE-coated screens, while achieving lower processing 
costs. 

[0018] while the invention has been described in terms of a pre- 
ferred embodiment, it is apparent that other forms could 
be adopted by one skilled in the art. Accordingly, the 
scope of the invention is to be limited only by the follow- 
ing claims. 



